Qualia are private conscious experiences of which the associated feelings can be reported to other people. Whether qualia are amenable to scientific exploration has often been questioned, which is challenged by the present article. The following arguments are given: 1. the configuration of the brain changes continuously and irreversibly, because of genetic and environmental influences and interhuman communication; 2. qualia and consciousness are processes, rather than states; 3. private feelings, including those associated with qualia, should be positioned in the context of a personal brain as being developed during life; 4. consciousness and qualia should be understood in the context of general system theory, thus concluding that isolated, in vitro, properties of neurons and other brain constituents might marginally contribute to the understanding of higher brain functions, mind or qualia; 5. current in vivo approaches have too little resolution power -in terms of space and time -to delineate individual and subjective brain processes. When subtle personalized properties of the nervous system can be assessed in vivo or in vitro, qualia can scientifically be investigated. We discuss some approaches to overcome these barriers.
INTRODUCTION
Qualia are subjective feelings of experiences that cannot be shared with other individuals and are often reported in terms of a 3 rd person observer ("I am feeling that ...."). Qualia are a wide variety of personal experiences, associated with smell, taste, sound, emotions, pain, hunger, thirst, art and other aesthetic expressions, empathic support and pleasure of whatever origin. Qualia are considered to be inaccessible for scientific inquiry ("the hard problem of consciousness:" 1 ). The present article explores how qualia might be assessed and how qualia might arise in a complex system such as the brain. Central issue is which concept of the brain has to be chosen to position qualia. The feeling and reporting of qualia might indeed be conscious, whereas many contributing causes and processes are sub-or unconscious and largely beyond direct scientific exploration. A few words will be devoted here to nonconscious aspects of qualia.
We consider the brain as a complexity (in the sense of general systems theory 2 ) that enables the emergence of new properties. Emergence is a prevailing concept about the relationship of the material (including energetic) world and mental processes or mind. Just like the mind, live may also be viewed as an emerging complexity and is the subject of general system theories as well. Emergence claims, for instance, that life, mind and consciousness are possible because of the physical complexity of cells and of cellular aggregates such as the brain. In line with this stance, Searle 3 (p 90) states that "Consciousness, in short, is a biological feature of human and certain animal brains. It is caused by neurobiological processes and is as much a part of the natural biological order as any other biological features such as photosynthesis, digestion, or mitosis". Emergence in a complexity is considered conditional in the realization of higher functions of living organisms that are not simply and exclusively deduced or explained by the properties of the constituting elements; rather it is the result of their interactions. Once realized, complexities determine -at least partially -the behaviour of the constituting elements: such a top-down causal relationship must be distinguished from the bottom-up realization of complexities from its constituting elements. The present article focuses on the mind-brain relationship, i.e. how a neuronal complexity such as the brain might lead to the emergence of the mind and consciousness and, subsequently, how this might enable the creation of qualia.
A detailed view on consciousness and the integration of neural processes is provided by Edelman and Tononi. 4 They propose that consciousness is the product of activities of neuronal groups, in their terms Theory of Neuronal Group Selection (TNGS). Central in their concept is the dynamic core model, which is a conglomerate of neurons of a varying composition that forms the core of conscious feelings, including qualia. They position qualia in an N-dimensional reference space, so that sensory experiences are neuronally connected to many other faculties, including body awareness. This article is as organized as follows. First, some concepts on emergence (e.g. [3, 5] ) are discussed and I compare some of these claims with those of systems theory 2 and (substance) dualism (summarized in 4 of References). We argue that in a pragmatic and practical sense these theories lead to rather similar explanations of the brain-consciousness relationship and of qualia. Second, we assess some metaphors used to enhance understanding of the idea of emergence of the mind (and qualia) in the context of contemporary neurobiological research and conclude that metaphors may often be misleading rather than clarifying. Finally we suggest some 
EMERGENCE, DUALISM AND SYSTEMS
At least 2 different options of dualism have been described. One is the assumption that the mind it made of an entirely different substance than the brain or any other material of the universe (substance dualism). Usually we refer to Descartes, and he acknowledged the problem how an undivided mind may affect a material brain. His solution was the epiphysis (pineapple gland) localized in the middle of the brain. Panpsychism states that the mind is attached or linked to all material: proponents of such views are Leibniz (monad theory), Spinoza (nature as an expression of God), but also modern neuroscientists (arguments in [4, 6, 7] ). The basic assumption is that consciousness (the mind) is present in a rudimentary form in every material entity and that a complete mind and consciousness are thought to emerge from matter and energy clusters (or systems). Anyhow, some kind of emergence is explicitly or implicitly assumed in either option.
Emergence is a universal phenomenon in the world around us, including the cosmos and nature. Examples are atoms formed from quarks, molecules as assemblies of protons, neutrons and electrons, proteins as assemblies of amino acids or the living cell as an assembly of biomolecules. Any emergent entity is a complexity or system, which affects the behaviour of the constituting elements. For instance, the protein as a whole determines part of -but not -the entire behaviour of the amino acids. The central idea of a complexity or system is that its behaviour cannot easily or in principle be predicted (or calculated) from the (isolated) properties of its constituents. Some has refuted this idea as for instance Von Bertalanffy 2 : "The characteristics of the complex, therefore, compared to those of the elements, appear as "new" or "emergent." (but are not really JK, as his claims were also): "If we know the total parts contained in a system and the relations between them, the behaviour of the system may be derived from the behaviour of the parts." This stance implies that either the mind or qualia are of a different quality irreducible to the physical universe (in fact assuming substance dualism), or that the physical universe allows the realization of complex emerging but irreducible systems. This article adheres to the latter position.
New emergent, properties can only be realized during formation of systems, i.e. the composition or configuration of an assembly of identical or different entities. After having rejected the principle of substance dualism, the question arises what is the difference between functional emergence and dualism: both concepts assume an overruling power of the newly realized configuration on its constituting parts. Notwithstanding their different philosophical background, in practice they are identical. One may gradually differentiate systems according to the strength of the interaction of their components: a system may contain strongly or rather weakly interacting components. If weak then the properties of the elements may dominate the emergent property of the system, and hence the emergent new property might be deducible from the properties of the elements to some extent, whereas strongly interacting elements result into a unitary acting system. In brain, for instance, the relative strength of the interneuronal interactions or the allosteric interactions of proteins determines at least in part the responsiveness to and amplification of external signals.
If consciousness is an emergent process, rather than a state it is clear that consciousness cannot be defined only in terms of anatomy, but also as nervous activity. Edelman and Tononi 4 (p 14) use the term morphology, to be understood as the combination of anatomical and neurophysiologic aspects, does fairly well cover our present concept. Consciousness and also qualia should be understood as processes, rather than as a time-detached state or a product of that. Previously we 8, 9 and others 10 have emphasized that the brain (like other living cellular configurations) is a structure far from equilibrium, which can be maintained by a large energy consumption, relative to most other organs. The energy is needed to maintain high cerebral neural activity, in addition to the continuous adaptation or modification of its anatomical structure, i.e. to maintain its (dynamic) morphology. Following a transient state of cerebral iso-electricity or following anaesthesia, coma or other states of unawareness, the mind and mental processes might re-emerge (after awakening) except in case of irreversible brain damage (details in [11] ). Apparently the original morphology (combined anatomy and neurophysiology) can still be created, presumably because essential elements of the structure of the brain have remained intact. This does not necessarily point to the existence of particular cells with memory functions, but rather that many cells have some trace of history. Through mutual interactions -as evidenced by electrical activity -they realize consciousness, linked with memories and bodily
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Folia Medica 2014; 56(4): 289-296 awareness ("feelings"). Compatible with this proposal is the fact that far most brain neurons are not replaced by new cells during life: it seems rather non-functional to replace old, "life-time experienced" cells by new -and "naive" -cells, unless the latter are "programmed" in vivo. Emergence in the context of brain implies irreversibility, not only because of gene-directed developmental or aging processes, but also via the experience-driven adaptation of the brain's morphology. The concept of irreversibility contrasts homeostasis, the idea that the body and the brain return to previous states.
In the scientific practice key properties of cerebral nerve and other cells, i.e. action potentials or neurotransmitter release, are often characterized in vitro. Here I want to stress the possible difference between in vitro and in vivo ascertained physiological properties. In slabs or slices, many in vivo connections are lost and possible interactions are destroyed. It is as yet uncertain whether, and if so how much, the nerve cells retain age-and experience-related morphological and functionalbiochemical adaptations in vitro. I am not suggesting that in vitro all in vivo properties are destroyed: for instance isolated rat hippocampus cells remain affected in vitro by ante-mortem stress. 12 Hence properties specifically emergent in vivo might escape in vitro detection and exploration, in particular when related to relatively subtle experiences.
ON METAPHORS
In this section I discuss some metaphors used often to clarify the concept of emergence. The present concept of emergence is based on the ideas of complex systems. How small or how big should an assembly be to become a system? Perhaps the smallest systems are composed of entangled paired physical particles such as electrons or photons. Entanglement implies that some properties of a paired particle become only apparent (detectable), when the state of one of the particles is defined (details in [7] ). For instance, the "direction" of the spin of an electron or of the polarity of a photon is instantaneously established once that of the paired particles is expressed, which is, for instance, achieved by a dedicated detector. This process might be considered as a typical property of a system, because a newly defined state is induced in either of the paired particles. One might also argue that both (paired) properties were already present during entanglement, thus before the detection. Either way, these various properties are emergent later. Some cognitive-brain models are metaphorically based on the idea of entanglement: hence not because these elementary physical properties explain mind (as does panpsychism), but to describe the emergence of apparently preconconscious processes into conscious behaviour (e.g. decision making 7, 13 ).
Searle considers consciousness as an a-causally emergent feature of the central nervous system in the same way that solidity and liquidity are emergent features of systems of molecules 3 (p 112). Indeed, water molecules must interact to result in fluidity (bottom-up emergence) and moreover fluidity determines to a large extent the behaviour of individual molecules (top-down functionality). Fluidity (or solidity 14 , p 17-18; 3 , p 122-123) is an emergent property of an ensemble of water molecules in layers of a few nanometres. "Where appearance is concerned we cannot make the appearance-reality distinction because the appearance is the reality. Searle continues: "Unlike solidity, consciousness cannot be redefined in terms of an underlying microstructure, and the surface features then treated as mere effects of real consciousness, without losing the point of having the concept of consciousness in the first place". The contrast between the reducibility of conscious states does not reflect any distinction in the structure of reality, but a distinction in our definitional practice. The apparent contrast between the irreducibility of consciousness and the reducibility of colour etc. was only apparent. Just like pain, consciousness and qualia must be seen in a functioning brain: as an experience, rather than as a collection of neural activities. Searle 15 (p 49-55) applies fluidity as a general principle and formulated emergence as "bottom-up micro macro no time gap, and cause and effect are simultaneously realized as a macro feature of the system made out of that microstructure (micro) that in turn explains the existence and causal powers of higher-level of system features". 15 (p 54). Indeed this seems plausible when considering water, but does it work in other systems, including the brain and mind? Important here is the assumption that emergence is instantaneously realized, without a time-gap 3 (p 87-89). This time-gap may indeed be extremely short (femtoseconds or less), when rather non-complex entities, such as entangled particles, water-molecules or amino acids interact. In these examples emergence is a quality or state that can be observed or detected immediately. Such quality or state has no causal power on its constituting elements. Application to the problem of mind, such presumed emerged qualities are supervening in the sense of Jaegwon Kim 16 without causal Folia Medica 2014; 56(4): 289-296 properties; causation can only be provided by the physical brain (discussed in [17] ). Together, these considerations show that such metaphors may be misleading, rather than illuminating. As concluded earlier in this article, mind is a process, rather than a quality and its understanding must be searched in constituting temporal neural processes rather than in an a-temporal appearance or quality.
TIME TO EMERGE
Mind is unique of each individual, and is formed during development, influenced with biological and environmental roots and through inter-human communication. Our life starts with the socialization of newborn babies by facial expression, sounds, reward and later by verbal communication, which does a baby understand before mastering speech itself. Also toilet training and regularly sleeping and eating are socializing activities. Language is socializing par excellence. 5 Through spoken and later written language the human individual learns to express his/ her feelings, desires and intentions. Moreover interhuman communication (e.g. by education, schooling) helps to master biologically determined needs, in addition to understand (internalize) concepts and rules (institutions [5] ) of a family or of a society. If we want to understand the mind as a biological phenomenon the individual development should be taken into account: indeed Cleeremans 18 At first glance this would imply that consciousness cannot be expressed faster than the fastest neuronal processes, such as a neuronal action potential or neuro-receptor activation, which are in the millisecond range. But the physiology of the latter processes is not time-limiting, as for instance neuronal bundles may react already in less than 1 millisecond. The speed to localize a sound source in the space around us might well illustrate this capacity. Healthy humans localize sound within 0.2 milliseconds (references in [8, 9] ). So it might be argued that consciousness can nearly instantaneously be realized in (or by) the central nervous system. Psycho-physiological experiments point towards a slower realization. For instance, the classical experiments of Libet (references patients [7, 9] ) show that in about 250 milliseconds an experience becomes conscious ("conscious free will"), whereas the conscious interruption of an ongoing act requires a mere 40 milliseconds ("free won't"). These observations imply that the realization of consciousness is nearly instantaneous (40 milliseconds, or so), whereas its conscious expression might last longer (a few 100 milliseconds). Similarly we interpret movements at a rate of 25 frames per seconds as smooth and realistic (higher rates may improve the perception 19 ), suggesting that the brain constructs images well within 40 milliseconds by (unconsciously) comparing current with at least one previous image.
In this context the functioning of mirror neurons might also be considered. Monkey mirror neurons are responsive to the observation and execution of hand and mouth actions. The hand actions include grasping, placing, manipulating with the fingers, and holding. 20 Mirror neurons are -among others -found in the ventral premotor cortex, the inferior frontal cortex (monkey, electrophysiological monitoring) and superior parietal lobe (human, fMRI studies). 21 The beginning of the activation of the mirror neurons is already observed within 40 milliseconds after exposure to the stimulus (grasping) and is the consequence of pre-conscious neural processes. Apparently during this short delay the brain coordinate its activity and focus it towards mirror neurons (and other brain regions). This activation might become part of a conscious experience after about 250 milliseconds. The neural processes leading to initial activation of the mirror neurons are too fast to be delineated and detected, but their later consequences can well be detected (visualized) with fMRI. One issue is whether these fast processes are the result of initial learning 20 and thus pre-conscious, whereas in a naive organism activation of mirror neurons happens in a conscious state. Qualia are in the domain of consciousness; hence both in a learning phase and possibly during persisting activity of the mirror neurons might reflect a time path towards conscious focusing. The process of focusing in a complex system, such as the brain is largely unknown, because tools for the detection of the required temporal or spatial sensitivity are lacking.
Qualia are personal experiences realized in a person-unique brain. This idea might be illustrated with patients suffering from the so called dissociative identity syndrome (DIS). Individuals who were exposed in their youth to severe stress, such as sexual misuse or violence, might develop DIS. In daily life they may suppress the memories of the stressful experiences, to which they become emotionally responsive when switching to the "identity" that has access to their stressful memories. In an experimental setting switches between identities might be evoked within 15 minutes or less, which allow monitoring of various physiological parameters successively in the same subject. When hearing scripts referring to the psycho-traumata the personalities react differently: only the identity with a conscious memory of the psycho trauma has an emotional response such as increased heart rate, less heart rate variability or higher blood pressure. [22] [23] [24] Moreover fMRI analysis show that several brain regions are specifically activated or suppressed in trauma-associated identity (details in [23, 24] ). These provocation studies do not only show that mental states might switch relatively fast (in minutes), but also, and that is in particular relevant for the present report, that the impact of an experience, i.e. qualia, is dependent on the historical background of a personality (identity in the present example).
Together this section illustrates that the basis of consciousness and qualia are already laid nearly instantaneously (within 40 milliseconds or so), whereas the time to realize a conscious experience is in fact 10-fold higher (likely more than 200 milliseconds). In neuronal networks the respective number of transitions differ in orders of magnitude (10 to 100x). Apparently, the required organization of the underlying neuronal morphology constrains the timing of realization of qualia. Such fast neuronal events escape detection with the most advanced scanner techniques including functional MRI.
NEUROBIOLOGICAL AFTERTHOUGHTS
The brain is a structure partly detached from the outer world. All living cells are maintained in nearly steady state far from equilibrium and without the continuous influx of energy (oxygen, nutrients) such a state cannot be maintained. The brain has its own intracerebral dynamics, and moreover its steady state is only apparent. In fact a core characteristic of the brain, like any other organ or living cell, is irreversibility: its state changes continuously, it never returns to a previous state. Irreversibility is the additive result of aging -of course not unique for the brain -and the continuous formation of new memories. In a previous article 8 I proposed the brain as a personal universe: like the cosmic universe it is continuously expanding, in particular in the perspective of the formation of memories, but in addition it has individually unique characteristics. Consciousness and personal feelings, qualia, should be seen in this context.
A neurobiological theory on qualia should incorporate irreversibility of the brain and in particular continuous accumulation of memories. A conscious experience does not only depend on awareness, but on acquired and precipitated personal memories as well. Hence the presumed N-dimensional space 4 should include a domain for memory, which is likely not a separate group of cells 9,11 rather a multitude of neurons have some trace of their history. These presumably historical traces can become manifest in personal memories, that in some way are not (completely) destroyed during life. That is not to say that the involved molecules survive, rather that memories and associated morphology are continuously reproduced during life. This is why brain neurons are by and large not completely replaced by new cells. It seems biologically risky if not impossible to replace continuously a large proportion of old "life-time experienced" cells by new, hence naive, cells. In short, cerebral emergent processes imply irreversibility not only by genedirected developmental processes, but also via the continuous adaptation or modification of the neurophysiological properties of brain neurones during life time. The subjectivity of qualia is that they are formed in a personal brain and experienced as such, just like many other feelings. In this way qualia are the basis of personhood. 25, 26 Folia Medica 2014; 56(4): 289-296
STRATEGIES FOR QUALIA
The concept of qualia must be seen in the context of consciousness. Qualia become a part of consciousness, although pre-conscious processes contribute and these processes are irreversible. This article emphasizes that consciousness, and hence qualia, are a process, rather than a state (an immobile frame), and moreover that the composition of the brain is never constant: and if so consciousness and qualia does not arise from an immobile configuration, instead it is (re)created continuously, both during normal functioning, and after states of unconsciousness. Consciousness and qualia must be seen in the context of irreversibility, and not as serving homeostasis. Irreversibility implies that the brain is continuously reshaped not only through genetic processes, but above all by experiences and memories of them, forming together our personal universe. 8, 9 We discuss the concept of consciousness and qualia in the context of general system theory. Hence we conclude that isolated and in vitro properties of neurons and other constituents does not lead to a full understanding of the brain, of the mind and of qualia.
The above considerations and suggestions do not explain qualia; rather they delineate biological conditions to be fulfilled to evoke qualia. The subjectivity of qualia ought to be sought in the already proposed personal brain or personal universe. The question is what kind of scientific theory might describe such personal constellation or is it so that such description is beyond (neuro) science? First some general considerations. Any bioscientific theory is derived from and applies to phenomena or properties that can be abstracted from prototypical objects, such as living organisms or functioning brains. Try, for instance, to describe scientifically the behaviour of a single falling leave. Such a description does not really apply to a particular leave, but rather to a "population of leaves"; ideally the construed model shows that the particular leave belongs to the population in question, and is not an outlier or even impossible. The present issue of the qualia is whether the delineated conditions are enough to explain the occurrence of qualia. Some of the suggestions might be scientifically explored and either falsified or verified. Based on these results further research strategies might be developed. Current realizable strategies might include challenge studies, of which we have described a few (dissociation studies and mirror neurons), that are highly dependent on empathic mechanisms based on previous personal experiences. One option is to design research protocols for longitudinal observation on subject with standardized experiences between the observations.
